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kSouth Carohna State Co!lege (SCSC) in coilaborauon with the South
Carotina Wrtdhte and Marme Resources Division (SCWMRD) initiated an
',,attachment on submerged substrata. Further, this pro'gradrtﬁf was dessgned
“to address a number of critical needs at both the state and natsonat levels.
;;These includsd. (1) addressmg one or mere of the current and continuing

ncraasmg the atarmmgly small poo! of mmonty students mteres ted in
ffpursumg careers in marine sciences through a coordmated research

trammg program in marine science.

oy The tong—term objectives of this program focused on understandmg
”;’i and controllmg the molecular processes which govern the sequence of
S trtteractsons ariong substrata, bacteria, and invertebrate larvae in marine
i.:‘;environments ‘(biosensing). Control of these proces‘sesb has application in
‘ rttarioe environments where fouling organtems ere a problem anyd the

" implications.

' RESEARCH OBJECTIVES
' The research program focused on controlling tha settlement,
attachment and detachment ot marine bacteria and invertebrate larvae to
 substrata surfaces in a marine environment. Ws postulated a modet in
. which molecular signals initiate a chain of biochemical and physiological
processes within the microorganisms that mediate settling and

- attachment interactions among substrata, bacteria and invertebrate

i

: basro research needs of the Office of Naval Research (O&R) and (2)

nvestxgatuon of the brosensmg parameters regutatmg bacterial and larval

ettachment or detachment of these organisms has " eoonohticaﬂy important
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larvae. Control of the sétt!ing and attachment processes may be achieved
- by sufficient understanding ¢f the mechanisms to interrupt them at
- critical points. From this mcdel, the following research objectives and
hypotheses were formed for ghe first three years of this multi-year smdy:

1. Determine the parameters required for the preferential
settlement of the marine bacteria Pseudomonas fluorescens (P.
fluorescens) on polystyrene substrata. We hypothesized that the
extrudants secreted by P. fluorescens and marine bacteria, to be
idsntified (TBI) associated with Balanus eburneus (B. eburneus)
serve as chemotaxic attractants which enhance the respective
bacterial attachment to surfaces.

2. Determine the mechanisms of settling response and chemosensory
recogniticn of cyprid larvae of B. eburneus to products of

surface films of P. fluorescens.

Two research objectives for the first phase of the muitiyear
program included: (1) identification of individual positive or
negative settling responses of cyprid larvae of 8. eburneus
to chemical extrudants from the lccal bacterium P. fluorescens
. and (2) determination of the influence of at least two bacterial
| extracts on the attachment of B. eburneus larvae. Our first null
hypothesis was that the settling behavior of cyprid larvae of B.
eburneus does not ditfer in response to chemical products of the
bacterium P. fluorescens. Our second null hypothesis, tested
during the first phase, was that attachment rates of cyprid larvae
of B. eburneus do not vary in the presence of molecules isolated in

the proposed studies of P. fiuorescens.

e o g e 4o s
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| . STUDENT TRAINING OBJECTIVES

The a:m of the coﬂaboratave relatnonshup between the two
institutxons was to increase the number of mmor.iy students interested
_vin” pursuing carears in manne scxence The program was based on
combining the resourcas of the two state institutions. South Carolina
fj'?z\v,»State Col!ege would provide the educational facs!mes and SCWMRD would
p‘ibv‘ide»the initial résearch facilities. Research and teachmg would be
conducted at both facllmes. where smue ate would receive training
j ‘(Diagram 1). The three primary objectwes of the traming program
- included: | |

1 To select sczenca majors for research posmons Students would
| partxc:pate in aﬂ phases of the research, and, as a consequence,
- receive salaries during the summer and academic year, credit for
~ their training, and gu&dad mstructson from SCSC and SCWMRD

: profes;:onals The studrents would present their findings at

N professional meetings such as those sponsored by the

- | o ~ Southsastem Estuarine Research Society and the South Carolina
F IR - Academy of Sciences.

2. To’inco.'porate as mariy students (science majors) as logistically
possible into a stimulating field app!iéation of marine science.
This would be accomplished by rlizing the 52 ft. R/V Anita as a
teaching platform for short cruises in Charleston Harbor. In
addition, a marine science career day would bs held to expose
students to careers in marine science.

1 3. To have appropriate SCWMRD scientists tsach courses in topics
related to marine science for academic credit at SCSC.

S R Ly sy T R Y N e St TS P o R T T s 3;»,, TN
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- Diagram 1. Integration Analysis of SCSU-SCWMRD Research Disciplines

Student Training

Bacteria Attachment to substrata

Idertification offbacteria

to subsirata

T N et csrem st e g ooy

Isclation of extrudants
(¥

Students received training in various aspects of the interrelated research as depicted
above.




stAnv OF STUDENT TRAINING

Students were se!ected from a pool of mterested scrence ma;ors at’ B

,@;’SCSC and C!attm Cottege  Selection criteria included grade P°‘“t avsrage, -
:tacu!ty recommen datmnS. and interest in pursuing a career tn marme
o ',: ‘_/sc:ance Ms Yvonna Bobo and Ms. ‘Donnia Richardson of Manne Resource "
"'i\j'-“"'Ftesearch lnstrtute (MFIR!) as well as research supervisors at SCSU were |
"-l":.“."instrumenta! in momtonno students' progress. | They met with the
:f‘stu de'tts to discuss progress and prob!ems and coordmatert evatuatzons L ,y
of the students by th«a supervisors and evaluation of the ?'Osfam by the | |
e students To date sighteen students have participated in the program' -
: :nfnrmatxon on student partrc:patron and current status can be found m'
“r‘rabret | o A

Durmg the surmmer of 1990 a summer marine sciense expenence

- was estabhshed at the S.C. Wildlife and Marine Resources Department

" ’(SCWMRD) and S.C. State College (SCSC). tmtralty, three students were
_sstected to partxczpate While at SCWMRD, the studants rece:ved an
| i-5";;",f'f,"u'ztroductxcm to the faciliies, staff and research bemg conducted at the

Marine Resources Center in Charleston. Tours of the Marine Resources

Research tnstrtute {MRRI), the College of (\artestons Grice Marme
"'_ : 'Btctogrca! Laboratory, and the National Marine Fnshenes Servica Each
laboratory provided descnp ions of the diversity of applied and acadeinic
| research actrvmes '

During a day-long cruise in the Charleston Harbor estuary. studen

: .partrcrpated. in discussions of the effects of human development of
~coastal ‘environments and the concomitant destruction of natural

scological systems. Students then rotated within various MRRI
laborateries, where emphasis was placed on hands-on activities, i.e.,
seabird census, pathntogy and histology of samples of clams, oysters, and

B s ST ST SN S . e T A LT LR



Melissa Sargent
Arve Hammock

Brenda Frazier

Alexis Ware

Shauna Pattecson

Dionne Sumpter
Tammie Terrell
Chenise Lambert

Dawn Evans
Natombi Smith
Leyena Lloyd
George McCowan

Michelle Haynes

Information on Past and Present ONR Students

Dhayalini Chandrasegaram June 92-May 93

Valirda Olds
Nalani Kalawe
Scottie McDuffie

Aliyah Spruill

Time in ONR P C t Stat
June 90-May 91 (12 mo) B.S. i Biology, S€SC
Working at Roche Pharmaceuticals in
NC
June 90-Dec 90 (7 mo) B.S. in Chemistry, SCST
' Working at Vintage 2 euticals
inNC s ¥
s T
June 90-May 91 (12 mo) "B.S. in Riology; T rxed ror |
Dr. Jonn Williams, Ecc?=" v, 8t
SCSU for 14 monthw §° 1ently
woiking in Texas ~
. ‘,_/:ie?"i
June 91-July 92 (14 mo) B.S. [a Bisay, SCSU
Spring 43¢, %tz w5 Duke Univ.
Mar. Lob.; Corenilbice. 5 Jed in the
M.S. pmwin'v\ﬁkﬁ"‘ ~ehd
Fisheries a: r:m;} e
June 91-July 92 (14 mo) Biology majec & if; working for
Dr. Williams /. .7
June 91-Nov 91 (6 mo) Biology meke 21 SCSC
June 91-Oct 91 (5 mo) Biology majos at SCSC
June 91-July 91 (2 mo) Biology major at SCSC
July 91-Oct 91 (4 mo) 8.S. in Biology, SCSU; working at
Einyl Chemical Plant, Crangeburg sC
June 91-May 92 (12 mo) B.S. in Biclogy; Accepted at Xavier
of Ohio in the M.S. program in
Marine Biology
June 91-Jan 93 (20 mo) Chemistry major st SCSU
June 92-Nov 92 (8 mo) Biology major at SCSU;
Spring 93 internship at MRRI
June 92-May 93 Biology major at SCSU
Biology/Chemistry major at Claflin
College
April 93-May 93 Biology Ed. major at Claflin
April 93-May 93 Psychology major at SCSU
April 93-May 93 Biology major at SCSU
April 93-May 93 Biology major at SCSU

~ 20
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sh _k‘f'”'r."'.tam" ane frnfrsh maruculture, _benthic ecology, és‘m?rfne
mmumtres. and sedrment contaminants. o BRI

sear"h techmques and methods which included growth and maintenance

"techmques of chromatography. microscopy and spectrophotemetry The
fsummer_expenence strmulated the students te develop their research and

tfenvrronmen at factors which mﬂuence marine ecological systems

Uresearch ,trarnrng‘ In addition, durmg the spring semester of 1991, a
"_“:iﬁj'f.fcou”rse entitled‘ 'Concepts in Marine Science". reintroduced as' a team
;f;f{taught course at SCSC, involved all of the scientists in the pro;ect The
' "-:f‘_'ji:,,v'caurse was very successful in exposrng students to vanous concepts in

, ,7f_;i.f;‘"students who were enrolted in the course were selected to partrcrpate in
o ;-"‘l;ths ONR program that began on June 10, 1891,

- Durrng the summer of 1991, seven S.C. State Umversrty (Scsu)
"’_"f"-students part:crpated in a 6 week program at the SC Marme Resources
" Division ‘(SCMRD) in Charleston, the Waddell Maricuiture Center in
»Btuttten,the Bear tsland Game Management Preserve, and SC State College.
Ha;rds«on' activities included: a cruise in Charlsston Harbor, a survey of

‘, teshniques for sampling and identifying marine organisms, an introduction
B to histological techniques for marine invertebrates, participation in

~ aquaculture research, analysis of heavy mstals and toxic organics in

sediments and fish, and an introduction to bactericlogical techniques. In
. - ‘addition, one student spent a week conducting barnacle research at SCMRD.

: Whrte at sc State Col!ege. the students learned a number of‘

-;ot " bactena, statrstrcs. purrfrcatron of the bastenat extrudants, and»

'f‘crttiea! thtnking Kiils and to gain an appreciation of the varrous'

Durmg the academrc year of 1990-91 the students contmued therry‘

}Manne Scrence and most rmportantty, in recruiting students to
’;parﬁcrpate in the ONR research/trarmng program Three ot ‘the trve |

P,
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graduate was trained as a laboratory technician for the project at the
SCWMRD laboratory. She participated in all aspects of the barnacle
settlement research, tield sampling, bacterial and larval culturing, and
data analysis. In addition, a high school student assisted a Coilege of
Charleston graduate student in fizld studies of larval barnacle settlement.

Ouring the academic year of 1991-1992 at S.C. State, the students
learned a number of research technigues. These techniques included
growth and maintenance of bacteria, measurement of bacterial attachment
to polystyrene‘ surfaces, purification of the bacterial extrudants, and
techniques in chromatography, microscopy and spectrophotometry. A
course entitled, "Concepts in Marine Science” was taught by Dr. Nancy
O'Connor. The course enrolled 33 undergraduate students at SCSU. In
addition, staff from Ciaflin College and SCMRD presented seminars on
marine biology topics, and a visiting scientist program involving MRD
staff was initiated at SCSU.

During the summer of 1992, one student from Claflin College and
three students from SCSU were engaged in 7 weeks of rigorous research
training at the ONR SCSU-Marine Microbiology Laboratory (ONR-SCSU MML).
The students began their experience with an crientation to the laboratory.
They received guidance and training in pertinent laboratory techniques.
The intense, varied, and productive laboratory experiences included
performing standard microbiological procédures and tests to separate and
identify marine bacteria associated with barnacles attached to oyster
shells in Charleston Harbor, participating in a journal club, collecting
bacterial samples, visits to marine biology laboratories, conducting
literature searches, writing weekly progress reports, training for poster
and oral presentations and, performing bacterial attachment assays and

extrudant isolation.

g
In addition, Donnia Richardson, a recent African-American college .




,-vintensive 'hands-on mtroduc*ron to marine sorenoe research. Activittss
: tnc!uded a crulse in Charteston Harbor, samplmg and rdentrfyrng marmei |
‘i,',"vinvertebrates and fishes, histological and life-history analyses of marme' -

orgamsms, analyses of heavy metals and toxrc organics in sedxments and k
f-ﬂsh and partxoipatron in aquacu!ture ‘research. The students also
_‘ performed a broassay testing the etfecte of marine bacteria on larval :
: - barnacle attachment Two students interested in caresrs in aquaculture ' 4
| fworked full trrne on research projects at the SCWMRD's Wadde!t} ‘
Mancu!ture Center They monitored temperature and oxygen tevels in o
experimental ponds stocked with marine shrimp, red drum or hybrid o
o striped bass. They also harvested fish and shrimp in ponds and conducted ‘
) feeding studies of Panaeid shrimp. In addition, they spent time at a S
»' "prwate!y owned shrimp farm where they observed the transfer ot
~_f"5 technotogy from the research env:ronment to an actual oommercral |
‘operatron R e
Durmg the academrc year 1992-93 an rntroductory oceanography
'course (Concepts in Marine Science) was taught by SCWMRD staff at SCSU |
during the spring semester of 1993. Seminars on marine and

environmental science topics featuring speakers from SCWMRD.\Un!versity

of 8.C. , NMFS, and USFWS were presented to students and facuity at scsu
"rnonth!y. Also, students conducted research tndivtduat!y and presentsd
their data at scientific meetings (Appendix Wl). Additionally, four new
| students were trained to assist in the identification of bacteria during

thg spring.

These students also spent one week at SCWMRD in Char!eston' tor an
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EDUCATIONAL ACTIVITIES
, The educational component of the training program also was very
Ifnportant. It included an enrichment of the academic program at SCSU to
increase student interest in marine science and interest in the ONR

program. Marine Resources Research Institute (MRRI) staff taught three

courses in introductory marine science and marine biology on the SCSU

campus. A total of 47 students were enrolled. The courses included

" lectures, laboratories, field trips, and exercises in scientific

communication. Additional educaticnal activities on the SCSU campus
included lectures by MRRI staff in chemistry, ecology, and zoology courses
on marine-related topics, and seminars about research activities at MRRI
and other marine research institutions. Seminar speakers‘from a wide
range of fislds were enthusiastically received by students at SCSU and
Claflin. The on-campus seminar ssries greatly increased théhlevel of
awareness of students and faculty of opportunities in marine and
environmental science.

Communications were extremely important to the success of the
program, in terms of student recruitment, dissemination of research
results.’ and interactions with other institutions. Communications took
many forms from the more formal, regular monthly mestings to critique

progress in research and student training and planning of future

b e




: actxvmes; to inforntat exchanpes te | keep students andthe pubhc mfcrmed |
o of program act rvrtres. A program news!etter,“Synergy wath a currentv |
dxstributron trst of 150 was sent to mterested persons. mstrtutrons, and‘
b agencres at least three txmes a year News!etter emphasrs was usualty on

student progress, potentral opportumtres tor students and staff as wel! | d
as research progress !n addrtxon an award-wmmng vrdeo descnbrng th |

programs student trammg actrvrtres was prnrwced by the Conservatron' ’

- .-s“

r R descrrbmg program actrvmes appeared in the sprmg 1993 edrtron of the

| newspaper of the SCWMRD
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] ATTACHMENT OF MARINE BACTERIA

12

" SUMMARY OF RESEARCH ACCOMPLISHMENTS

TO POLYSTYRENE SURFACES

~

INTRODUCTION

 The attachment of bacteria to various submerged substrata has been
of interest because of its importance in the process of biofouling.
Sieburth (1979) reported that marine bacteria are the first

microorganisms to colonize new aquatic surfaces whether animate or

 inanimate. Furthermore, attachment is preceded by the rapid adsorption
of a thin' organic film composed of polysaccharide-protein complexes

which are released into the ocean as a resuit of phytoplankton metabolism

and decay (Sieburth 1979). Bacteria, however, show a greater selectivity
toward animate surfaces such as oysters and marine microalgae (Paerl
1980, Tosteson et al. 1984, Morse 1985, and Weiner et al. 1989).

The attachment of bacteria 1o surfaces depends on a number of
factors, including the properties of the substratum, the liquid phase, and
the bacteria themselves (Pringle and Fletcher 1986) They aiso incicated

that attachment was influenced by factors such as

ik
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r ;»‘:si:rf’a'ca »chcrg‘e, surface !réé enehf: and the presence cf adsorbed
s rnécrcmctect.rtec. ‘»:’,Whitf_icldv (1988) repcrtéd that initial bacterial cell
attachrharrt to marih’e' s‘ub'stra;ta rs ‘revnersibte’ and is often followed by
b'érrh‘aknent vat}t.a_tchm;ejnt.» ‘Tcsteson (t984) revealed that some bécterial
| ‘»ksc:eries cxhtbitéd ﬁa’prjefierance.tcr attachment to specific substrata tvhich |
had been exposed to extrace!!u!ar po!ysacchandes (EPS). Howetrcr
: Fletcher and Prmgte (1985) reported that bacteria exhibit selective
attachment to sub trata even in the absence of EPS Therefore, the goals
‘-of th:s mvestrgatron were to ccmpare the attachment properties cf‘

marine bactena to polystyrene surfaces at specmc time intervals.

MATERIALS AND METHODS

L Growth Condmons

Studies wcre cohducted to determinc the attachment properties of
‘Pseu‘domaners fluorescéns; ’De!eya imarina, énd Alteromonas macleodi on
pcl;styrene surfaces. Two Masks containing 250 ml of Zobell's Marine
Broth (ZMB) were inocu!ated with 2.5 ‘n‘tl of Deleya marina and
Alteromonas macleodi and one flask contarmng Costerton's medlum was
inoculated with 2.5 mt of P. fluorescens. The cells were grown for 24 and

48 hr. periods in an orbitat water bath at 25 C. The cells
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14
in each flask were then poured into three 250 ml sterile ﬁentrifﬁge tubes, |
an;i centrifuged for 10 min. at 10,000 rpm to pellst the celis. The
supernatant was decanted and the cell pellet was resuspended in 100 ml

of sterile sea water. The experiment was conducted in triplicate.
fl. Attachment Studies
A. In the Absence of Supernatant

Attachment studies were carried out according to a modification of
the method of McEldowney and Fletcher (1988). Polystyrens cuvettes
were labeled in triplicate for time pericds of 0.25,‘0.50, 1, 2, 24, 72, 96,
and 120 hours, respectively. Next, 3 mi of each cell type were added to
cuvettes and were allowed to incubate at 25 C, for the indicated time
intervals. After incubation, each cuvette was rinsed three times with
distilled water to remove loosely attached cslls. The cuvettes were then
fixed with Bouin's fixative for 30 minutes. The cuveties containing the
attached cells were stained with crystal violet for 2 min. After staining,
the cuveties were rinsed 6 times with distilled water. Absorbance

readings of the cuvettas wsre taken at 530 nm.




. The attachm’ent_ studies ’were Car;ied out as above excevpt,‘ the
'v’cuv‘a'ttes" Wéfe exposed res}:ecti‘vely ?o ‘sdpernaiant from Deleya marina,
Vand; Alteromonas rhacfeodi and‘ényowed to adsorb prior to the addition of
: . pe!aya mériha; and A:’refamonas macleb&i '}ce!!s. ln"additien. teéts were
,»;;;Vcoh_clbctedwnh‘ supernatant "that' wéé filtered iﬁ a 02 micrometer pore

filter.
 RESULTS

’,‘.‘Rasu&ts ih‘dic.:atped“yth‘atv A.;macleodi demonstrated the highest
vattat‘;hmentk propert%eé of the ’three babteria tested for both the 24 and 48
hr. cultures. The O.D. readings were as high as 0.88 within the first 2
: jhours.‘} !n,conﬁtr‘ast, P. fluorescéhs and D. harfna had O.D. readings of 0.6
and 0.22 for 24 hr. cultures, respective!y (Fig. 1). For 48 hr. cultures (Fig.
1), P fluorescens and D. marina demonstrated readings of 0.38 and 0.35
respectively at the 2 hr. interval (f-“ng. 2). At 72 hr,, P. fluorescens showed
the highast readings of the three bacteria, 0.85 for the 48 hr culture and

0.8 for the 24 hr. grown culture. A. macleodi and D. marina showed
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;’l,readmge cf 075 and 045 respectwely. l‘or 48 hr. grown cultures
Further A macleodr and D marma had OD readmgs cl 0.5 and 04,

i'_]}respectwely. for 24 hr grown cultures £

L A. macleodn showed the mghest attachment propertres of the three

vbactena, wrthrn the frrst two hours. ln contrast P.fluorescens cells
reached therr hrghest attachment at 24 hr lor the 24 hr. grown culture and
:72 hr for the 48 hr. grcwn culture D marina demonstrated the lowest

altachm ent prepertles of the three bactena

Statrstrcal analyses were performed cn the three cultures for

: 24 hr and 48 hr cultures at the various time perrcds (Appendrx n.

,Tc determme the effects of bacterral supernatant on the attachment

of bacterra to polystyrene surfaces the cuvettes were exposed to the
| , supematant of Deleya manna and Alteromonas macleodi for 2 hours prior
‘ ‘to eddrng the cells. Deleya manna and Alteromonas macleodr shcwed a
- decrease in attachment in the presence of supernatant. filtered and

~ unfiltered (Figures 3 and 4).
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DISCUSSION

Attachment studies indicated that within 15 min. marine bacteria
‘attach to polystyrene surfaces, although the degree in which they attach
varies. Further, the attachment properties for theses organiems did not
remain constant over the experimental time intervals. The null hypothesis
for the experimental data is that the mean adsorbance for each bacterial
species is equai for the various time periods at the 0.05 levsl. Resu!gs
indicate that there is a significant difference between the means (p=
0.047) for A. macleodii grown for 24 hr. at the various time periods. In
contrast,’ A. macleodii, grown for 48 hr., showed no significant difference
between the means (p=.995). Similarly, D. marina grown for 24 hr. and 48
hr., and P. fluorescence grown for 24 hr., showed no significant differenne
between the means. However, P. flucrescens , grown for 48 hr., shbwed a
significant difterence at a p value of 0.00.

Comparisons were made of differences betwesn the means of A.
macleodii, D. marina, and P. fluorescance at the same time interval for
cells grown for 24 and 48 hrs. The results indicated that there was a
significant difference between the means of A. macleodii, D. marina, and
P. fluorescence cells grown for 24 hr. at the following intervals: 0.25 hr.,

0.5, 1, and 2 hr,, respectively. In, contrast there was no significant




_dlfference tor the tnrne mtervats of 24 72 96 and 120 hr "'here was a

srgnmcant dlfference between the means of A macleodu, D marina, and

- : ,P ﬂuorescence grown for 48 br. at 'ame mterva!s 0.25, 05 1, 2 24, and

E 48 hrs. respectxvety However, for the time mterva!s 96 and 120 hr there
' ~was not a significant difference between the means. o |
Results indrcate that the supernatants of De!eya marma and
_"Alteromonas macleodi decrease the attachment of these “cells to
‘pol‘ystyrene. We‘ suspect that the supernatantv rnay‘ eontain some
components that binds to the polystyrene cuvette and mterferes with the
Itadserptxon capacny of the cetls | These expenments were conducted
’severat trmes wrth reproduc:ble results | A |

| These studtes were carned out in cuvettes Jm ’a vertrcal ‘posmon
and thﬁe attachment of cells was measured_ on the srdes ,Of the cuvettes,
gravitational ferces were not considered to affeet vertical celt adhesion.
Moreo‘v"er. 'our data sugeests that surfaees dc not’ha“v’e to’be preadsorbed
with an organic film in order for» bacterial attachment to ecaur.
Therefore, in order to inhibit the attachment of the baeteria to a surface,
.the surface must be treated before exposure o the‘ marine environment.

Although bacteria are minute, they play an important role in modifying

,.21 e

3




22
surfaces and thereby promote the biofouling of larger invertebrates on
surfaces. Information derived from this study will be compiled and

submitted to the Journal of Applied and Environmental Microbiology.
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BACTERIAL EXTRUDANT PURIFICATION & CHARACTERIZATION |

SUMMARY

Using a combination of dialysis, enzyme degradation, solvent
precipitation and size-exclusion chromatography, supernatants of
Pseudomonas fluorescens (PF), Alteromonas macleodii (AM), and three
bacterial species isolated from Charleston harbor (OSM, CSL 2171, OSL
0031) have been enriched in high-molecular-weight extracellular
polysaccharides (EPS). Based on colorimetric analyses of supernatants
at various stages of purification, 44-90% of soluble carbohydrate and
25-27 % of soluble protein have molecular weights greater than 50 K. All
supernatants contain some carbohydrate with molecular weights of at
least two million. Growth curves for the latter four species, determined
in Zobell's marine broth (ZMB) show significantly fewer bacteria and
colloidal bacterial metatalites for AM and OSL 0031.

BACKGROUND/OBJECTIVES

Bacterial adhesion to marine surfaces is a function of surface
properties, seawater composition, and bacterial physiclogy and species.
Along with other metabolites, many bacteria extrude (EPS) which

mediate their permanent attachment and comprise the structural matrix

of a biofilm. The biofilm hosts and protects bacteria and other microbes.
Psesudomonas fluorescens, a primary settler present in southern marine
waters, extrudes EPS which after purification, hydrolyseé producing |
D-glucose, D-galactose, acetate and pyruvate. Read and Costerton (1987)
did not detect uronic acids. Thus Pseudomonas fluorescens EPS is a




e hateropolymer (~ 2 mulron daltons) of Dglucose, and D-galactose“"

i [.estenf'ed with acettc and pyruvrc " acids. In addmon to bacterral"k

adhesron bcxctena! films and supematants are reported to affect thei

o sett!ement of cyster and barnacle Iarvae on polystyrene Several speczes' |

;of barnacle larvae settle in Iarger numbers on po!ystyrene surfaces

",_»oontaming Alteromonas macleodii than on po!ystyrene controls o »‘

;OCCCH; v

~ Anionic Poiysaccharfde |

We_ sought to isolate and idehtify EPS from Pseudomonas fluorescarrs
. ‘and other bacteria taken from Charleston harbor to determine the effect
of preadsorbed EPS on the attachment of Pseudomonas fluorescens to
polystyrene cuvette surfaces. Bacterial attachment was measured
spectrophotometrically via the method of Pringle and Fletcher (1983).
Puritied and partially-purified were also be incorporated intu
experiments examining the settling of several barnacle larvae species on
polystyrene and glass and how this settlement was affected by bacteria
and bacterial biofilm components. | |
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METHODS

Pseudomonas fluorescens 105 (PF), and Alteromonas macleodii,
obtained from Presque Isle Cultures, were stored at -20 C. Periodically,
a portion of this PF stock was cultured overnight in a medium described

by Read and Costerton (1987), containing NaHPOy4 (10.0 g/L), KHoPO4
(3.0 gL), K2SOy4 (1 0 g/L), NaClt (1.0 g/L), MgSOy4 (0.20 g/L), CaCly
(0.10 g/L), FeSO4 (0.01 g/L), casamino acids (3.0 g/L) and D-glucose

(20.0 g/L). To 250 ml of thic sterile solution, pH 7.0, were added 2.5 ml
of Pseudomonas fluorescens overnight culture. The mixture was grown
at 25 C for 24-96 hours with constant shaking. Three species of
bacteria were taken from cyster shells in the mid-intertidal (OSM) and
the low-intertida! region (OSL 0031 and OSL 2171) behind Grice Marine
Biological Laboratory located adjacent to Charleston harbor. These thres
species and AM were cultured overnight. Five milliliters of the
respective overnight culture were added to 250 ml of Zobell's marine
ZMB and were grewn at 25 C for 24-86 hours. The ZMB consisted of
bacteriological peptone (5 g/L), yeast extract (1 g/L}, ammonium nitrate
(0.0016 g /L), boric acid (.022 g/L), calcium chloride (1.8 g/L), disodium
hydrogen phosphate (0.008 g/L), ferric citrate (0.1 g/L), magnesium
chloride (8.8 g/L), potassium bromide (.08 g/L), potassium chioride (0.55
g/L), sodium bicarbonate (0.16 g/L), sodium chloride (19.45 g/L), sodium
fluoride (0.0024 g/L), liquid sodium silicate (0.004 g/L), sodium
sulphate (0.324 g/L), strontium chloride (0.034 g/L). Growth curves
werg determined at 25 C by pericdically withdrawing 3 mi aliquots of
the growth supernatant and measuring the absorbance at 530 nm using
ZMB as a blank.




We monitored the chemical composition of bacterial extrudants at

aclds (Blumenkrantz and Asboe-l-lansen 1972) and DNA (Burton 1955) |

only on pure samples Blumenkrantz and Asbos-Hansens method lork’_
delermmatwn of ‘uronic ac«ds was insensitive to hexoses and penloses N
The}phenol-sulfunc acrd test for carbohydrate also responded to DNA but
was lnsensmva to protem Lowrys protsin test was l_nssnsltlve to both
sarbohydrateand DNA. SRS o R
‘The general scheme for punlrcatzon of Pseudcmonas fluorescens and'
omsr bactenal species EPS is presented (Fig. 1) As a final punﬁcatzon “
l,'-:.,step, samples were chromatographed on a 2.5 cm dlameter 60 cm length
Sepharose 4B size exclus:on column with an elutant of O 05 M am'nomum‘
asstats buffer contammg 0.02% sodium azrda as a preservatwe “
Molecules of greatar than two million molecular wezght ‘elute were in
tha,, 'vcid volume (~95 ml) of the column whnle smallsr molecules eluted "
wslh progresswely larger volumes up to the tolal column volume of 300
ln some cases. fractions of interest were combmed dlalyzed to
ramova salls, and further concentrated by either rotary svaporator ork |
l;rophillzanon to yleld ‘white or graylsh-whlts sohds Solutuons and
" solids were stored at -20 C to retard chemical or bacterial degradatlon
: ‘of samples

~Separation of some samples was attempted by HPLC on a SynChropak
GPC 500 size-exclusion column | {250 x 4.6 mm dia.) elutmg with a 0.1 M

phosphate buffer (KHoPO4 , KoHPQy) pH 6.6 and with UV detection at 254

ous pomts durmg the punflcation using colorrmelnc assays for f
otem (Lowry ot al. 1951) carbohydrate (DuBois et al. 1956), and uronic

rThese assays are sensxtuve at the ug level but gensrally are quantltatwe o
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Figure 1. Flow diagram for EPS isclation and purification

RESULTS

Least-square calibration curves obtained with standards indicated

below were linear with R2 equal to unity (a value of one indicates no

deviation of the experimental points from the least square line).

Standard Wavelength.  Least Square Fquation R2
Total Carbohydrate
1. glucose 490 nm A =.0.021 + 0.006 (ug glucose) 1.00
Dextran 490 nm A =-.0.01 + 0.01 (ug Dextran) 1.00
mw = 2 million
Total Protein
2. bovine serum
albumin 750 nm A =0.023 + 0.003 (ug protein) 1.00
‘Total uronic acids
3. glucuronic
acid 520 nm A =-0.003 + 0.027 (ug uronic acid) 1.00
4, DNA
2-deoxy-D-ribose

595 nm A =0.009 +0.005 (ug of DNA) 1.00

-------




Horan (1986) reported that the phenol-sulfunc acid analysrs of total
oarbohydrate affords three trmes the absorbance reading for glucose as
for a typical bactenal EPS. As e check, we determined calibration
‘curves for both glucose and dextran a 2 million molecular-weight
poiysacchande produced by Leuconostoc mesenteroides  (Fig. 2). We
found that gh..cose absorbance ‘was 1.3 times that of dextran. The
:':vnglucose standard therefore underestrmatas polymeric carbohydrate.
Despite these findings, we have chosen, for convenience, to report total
| "carbohydrata in mixtures based on the glucose standard. Additionally, in
"‘:fq:‘“‘_ﬁcarbohydrate nucleic acid mixtures the phenol-sulfuric acid assay
“responds to DNA; therefore we regarded the test as indicating both
'vcarbohydrate and DNA. Most colorimetric analyses were done in
o tnphcate and the averages reported.
‘ o Carbohydrate Cahbration Curves
. 0.8+

B
g o]
e {0 | |
8 044 @ glucoss ug/ml
S _g : <~ Dexiran ug/mL.
E - _ g 02+
; ]
b L 0.0 LA SN M N AR Bt Sane v Sune Eane san
' 0 10 20 30 40 50 €0

) - | - Carbohydrate conc. {ug/mL)

Figure 2. A Typical Colorimetric Calibration Curve

Most of carbohydrate and protein in bacterial ZMB supernatants were
in solution. Washing the bacterial pellets of several species with 1 M

gy
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NaCl solution to remove tightly-held carbohydrate/protein afforded 1-4
% of supernatant carbohydrate and 0.5-1% of supernatant protein.

~ Initially, partially-purified, yellow-brown EPS samples containing mg

quantities of carbohydrate were stored at 12 C for periods of 2-3
months. Subsequent chrorﬁatographic work with these samples indicated
no high-molecular-weight (HMW) EPS. This indicated some
polysaccharide decomposition. To test EPS iong-term stability, both
carbohydrate and protein analyses wers conducted. |

Carbohydrate " Protein -
Date A @ 490 nm mg A@750nm mg

12-21-91 0.325 (0.025) 6.4 (0.46) 0.541 (0.003) 23 (0.11)
01-10-92 0.360 (0.011) 7.1 (0.21) 0.563 (0.002) 24 (0.09)
02-04-92 0.372 (0.005) 7.3 (0.08) 0.526 (0.008) 20 (0.31)

The standard deviation of triglicate measurements, in parentheses,
indicate representative precisions. No significant loss of material
occurred over the 44 day period. In order to optimize EPS production for
bacteria grown in ZMB, we determined a series of growth curves given in
Figure 3.
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" Figure 3. Bactesial growth curves in ZMB

N b_actéria concentration and col!bidal (HMW;\bacteria metabolites (Nelson

et al. 1988) Early rapid'absor‘bance increases were due primarily to

' '~,bactef§al_'gr6wth. later increases reflected increasing concentrations of
© HMW carbohydrates, proteins, etc. In ZMB OSM, AM and OSL 0031 growth
- plateaued by40 houis; _OSL 2171 growth plateaued after 80 hours. After
1001'hoursv ofl::grdivth AM and OSL 0031 have ‘signiﬁcant!y lower
Zabso‘rbance’s than thé other bacterial species indicating less bacteria
= and/or polymeric bacteﬁa! ‘metabolites. These two species (Table 1)

’»alfsn' prodz)éed high ratios of protein/carbohydrate in the initial

supsrnatant. One explanation for both observations is that OSL 0031 and

- AM initially produce relatively large amounts of small molecular-weight
proteins which do not scatter light nor survive the dialysis purification “

step.
Table 1 summarizes the changes in carbohydrate and protein
accompanying the various purification steps. The very large amounts of

carbohydrate and protein in PF supernatants reflects the relatively large

Increasing absorbance at 530 nm represented increases in both
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TABLE 1. AMOUNTS OF CARBOHYDRATE/PROTEIN AT VARIOUS POINTS IN
EPS PURIFICATICN SCHEME 4

All spédes grown 100 hrs at 25 C in ZMB. AM grown for 24 hrs. PF grown
in Costerton's growth medium.

- Sampla oM 0SL0031 osL2171  EBE AM
Supernatant
Concentrata
Volume(mi) 54 53 25 53 .
Carbohydrate
ug/mi 468 373 472 23,000
] total (mg) 239 19.8 11.8 1219 .
Protsin
: 1073 2833 3173 21,200
total (mg) 547 150 793 1120 .
4 After dialysls ( molecular wt. cutoff of 50 k)
Carbohydrate
3 ug/mi 370 175 184 218
L fotal(mg) 21.5 10.5 52 13.0 244
Protein
ug/mL 235 638 773 187
; total{mg) 13.6 41.3 21.6 1.2 81.5
% ‘ % HMW Carbo. 90 53 44 1.0 .
% HMW Protein 25 28 27 1.0 -
1 After Enzyme Degradation & Dialysls
:  Carbohydrate
fotal (mg) 15.7 8.6 3.0 8.2 -
L Protein -
“ , total {mg) 20.0 26.8 143 a8 . -
After Ethanol Precipitation &
: Chiloroform extraction
Carbohydrate
total (mg) 1.2 4,06 294 635 4.83
Protein o
total (mg)  5.62 5,74 0.88 €3 1.18

an



fﬁ»f;?-amcunts of these mcnomertc substances in the ongmai growth media.

““fj'ﬁ,.;"'soluble bactena! metabohtes smce the literature reports these
compounds tc be of hxgh mo!ecuiar werght We‘ have anaiyzed the water
" (48 hters) in whxch the dsalysls bags are suspended and always find
‘very large amounts of both carbohydrate and protsin. Ratios of
= dcarbohydrate in water' carbohydrate retamed in dialysis bags are 15:1
o for PF 9:1 for osL 2171 and 8:1 fcr OSM 071492, demonstrating that
; ,most of the carbohydrate had passed through the dialysis membrane. The

i l_'-enzyme degradatxon shoutd srgnufxcantty reduce DNA, HNA and protem and .

) the past we have seen protem reductions of 50- 66%. With OSM and

B PF protem mcreased by an amount which was approx:matety the mass |

of the prctemaceous enzymes added With OSL 0031 and OSL 2171 the
: decrease in protem was 35 and 34%, respectively. We utilized two
enzymatnc reductlons. DNase and RNase for nucterc acrds and Proteinase
K for protein degradatron In severa! successwe nucleic acid
[’{ldegradat.ons, fcuowing the prccedure of Costerton we obtained 6.4

"'f;“‘_-":.‘>‘(+0 5) mg and 67 (+0 4) mg of carbohydrate after dialysis. Since

e I R T

L :carbohydrate ana!ys:s atso detects nuctezc acids, the lack of any
o siqniﬁoant decrease in carbot‘ydrate with successive degradations

T P4 I T s ey S BNE o e
-

implies the enzymatxo reaction has completely consumed polymeric
| ‘huc!eic acids» with molecular wetghts greater than 50 K. The highly
variable pretein degradation with Proteinase K probably reflects the

A

4\‘ deg‘radation’ solution cormponents and their concentrations. Our initial

1 S protein degradation solutions contained EDTA and SDS detergent without
added buffer ro attempt was made to adjust the pH. Subsequently, the

~ procedurs of Spiro (1976) employing calcium acetats, and a Tris buifer
of pH 7.8 was used. Optimum condition for the protein degradatron are
stilt being investsgatad

We regard !evels of carbohydrate and protein after dialysis to reflect ,

T € M ST TR N T L, (T I  L0P0 T A A  HT S IO IR 8 5 793 VTN A 7 SRRt 1307 R R et = 75 At et < mrame s i e




34

The addition of cold ethanol to the supernatant preferentially
precipitates HMW carbohydrate but if HMW protein were present it also
would precipitats. Our chloroform/methanol extraction (Tablet)
appeared quite effective in removing protein. For comparison, Platt and
Geesey (1985) have reported yields of carbohydrate and protein at
several steps in a EPS purification.

80




. Figure 4.

punﬁcatlon The chromatogram of pamany purmed PF EPS is dep:cted in

s PF EPS on SepharoSe 4B

| A@?so
* A@490

40,020 g e
0 " 100 200 300 400
' Volume acetate elutant9 mL

S F‘ gure 4. Chromatogram of pama;!y punﬂed PF (FW1353) on Sepharose -

o Cdlﬁmﬁ' voxd leurrie ” (789 ml) was ,‘dét'ermi‘nged by eiptihg Blde DeXtran;
molecular wéight two million, and monitoring  its concentration
spectroscopically at 600 nam. In addition to some proteianree HMW
N carbohydrate of mo!ecular weught two million (or more) at Ieast three
other HMW fractnons were present Smaller molecular weight
' contammants (eluting at a volume equal to the total column volume of 306
ml) ‘contained both protein and carbohydrate. The single protein peaks
indicated that either there are no HWM proteins (1-2 million daltons) or
that protein enzyme degradation was efficient in this case. Evidence for
the presence of a 1-2 million dalton protein in PF supernatants was

indicated by comparing the chromatograms of supernatants before and |

after dialysis.

e

Size exc!usxon chromatography on Sepiuinse 4B is the fnal step in EPS
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P Figura 5. PF Extrudant Chromatograms hefore and after dialysis

Dialysis removed both protein and carbohydrates of less than 50 K
daltons and revealed (in Figure 5 b) both 2 million molecular weight

protein and carbchydrate in an approximate 2:1 mass ratio.

Fractions containing only HMW carbohydrate were collected from the
column, dialyzed to remove salts and lyophilized affording 2.5 mg cf white
solid. Colorimetric assay of the solid indicated 0.41 mg of carbohydrate,
0.10 mg protein (4.3%) and 0.005 mg uronic acid (0.6%). Using the factor of

o sy .
il G - - e eIy
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. “l 3 to convert total carbohydrate to total polysacchande afforded O 53 mg
\}j".(21%) total polysacchande The remammg 1.9 mg of the sample was
unidentified. In further attempts to charactenze this white solid, we have
“kkobtamed the mfrared spectrum (lR) of this sample as well as that of
L Dexiran, a two mdhon mo!ecu!ar weught polycaccharxde Carbohydrates
»exhxbl* strong absorptnon bands at 1028 and 1085 em1 while protein |

absorb strongly at 1637 and 1548 c:m‘1 (Geesey and Bramar, 1991)

Results appear below*k

o ’Sa:hple o ‘Printv:ip!e AbSorption Bands (cm"‘);
" Dextran 1018 (s) 1oeo(s) | -
’ | PF.EPS , 1026 (w) 1085 (w) 1410(m) 1564(5) 1653(3)

R 1271 (m) and zeeo(m) L
w-weak. m-vmyevd‘n‘um, s',_stfong RSEREE

Carbohydrate and protem were mdscated by PF EPS spectra. Bands at

1271 and 2860 could have mdacated phcsphate and a!dehydac groups '

respectively. The aidehyde group could have resulted from polymer chain
cleavage. The absence of a band at 1604 crnf1 indicated that neither
spectra contained significant water. |

As a further test of purity, 1.8 mg of lyophilized PF HMW carbohydrate
collected from the Sepharose 4B column was chromatographed on
DEAE-Sephace!, an ion-exchange column. This material was eluted by a
0.010 M ‘KHPO4 buffer in 0.1 M NaCl. The NaCl concentration was increased

linearly from 0.1 M to 1.0 M to elute all of the material. A single peak in
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the chromatogram was evidence of the sample purity (Read and Costerton
1887). One hundred seventy fractions were collected. After the
carbohydrate assay of a majority of these fractions, no significant amount
of carbohydrate was found in any fraction. Assuming that the sample was
30% carbonydrate and that it eluded in a volume of 30 mi, one could expect
the aliquot size used for analysis (0.5 ml) to produce an absorbance of
0.09. A reading of this magnitude was not significantly different from
that of the blank. Apparently, not enough sample was placed on the column
for a meaningful analysis.

Other attempts to determine the purity of HMW PF EPS eluting from
Sepharose 4B column in the void volume were made. A void volume
fraction was chromatographed on an Isco gradient HPLC employing a size
exclusion column. Elution with a pH 6.6 phosphate buffer at flow rate of
1.5 mi/min yielded a single peak of retention time of 2.35 min. By
comparison, soluble starch (molecular wt ~one milion) eluted in 2.35
minutes while glucose (molecular weight = 180) did not elute (or was not
detected by the 254 nm UV detector) even after 11 minutes. In order to see
peaks in the chromatogram, the detector sensitivity was increased to 0.01
T. This resulted in a very unstable, drifting baseline. Further separations
with HPLC were abandoned.

A chromatogram of partially-purified OSL 0031 is depicted in Figure 6.
Absorbances at 260 and 490 nm can be used to monitor protein and
carbohydrate (Williams and Wilson 1975), respectively. Although the Lowry
colorimetric test for protein is more sensitive and specific, both Haran
(1986) and Platt (1985) used absorbance measurements at 260 nm to
follow protein eluting from a chromatographic column. Absorbance
measurements are quickly and conveniently made at 260 nm. Since nucleic

acids also abserb at 260 nm, absorbancss at 260 nm may reflect both

e e i oo




!_ éﬁieiﬁ and nucleic acids (DNA and HNA) For ffactibns "shc‘:‘\:r.fih'g Iérga 250
“nm absorptzons. amounts of protem are quantntated via the Lowry method
ﬁj_-‘From Fxgure 6, both carbohydrate and protem apparenﬂy elute in the void
volume (~ 2 million mo!ecular wmght), mtermeduate size carbohydrates
Lp-:rfree of protein were present and the smai’ler mo!ecular weight solutes

; 'were primarily protein. .

o ~ OSL 0031 on Sapharose 4B Column
- 0.400-1
‘ ,m-

0200 ~ L 2
8 AQ2%0
. & AQas0

o

0.100 -

o o.oooi :

0,100 ey
0 100 200 300 400 500
Acetats Buffor Elutant Volume, mbL

b
B

: Figure 6.

e eh Although Figures 7 and 8 show a relatively high absorbance at 260 am
~ . at the column void volume, this absorbance was probably not due to
. protein. Colorimetric analysis of void volume fractions indicated the
3 ~ absence of protsin and a very low concentration of DNA (2 pg/mL). Protein,

kcarbohydrate and DNA colorimetric analysis of both HMW (fractions 20-30)
and polymeric-MW fractions (85-100) are summarized (Table 2).
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! : Tabié 2. Analysis of Chromatographic Fractions

o COmposctson of High-Molecular- Wi Chromatographuc Fract;on (> 2 M)
Sample j Fract:on # . Composition (ug/mL)
' ~Carbohydrate  Protein  DNA

""..?""PF‘ ~ 20-30 | 15

a 0 1.6
OSM  24-32 , 40
0SL 0031 28 90 - .

~ 50-70 28 [ 1.6
OSL 2171 20-28 0 o -
0 2.0

AM‘ 24 P

- Composition of Polymeric Chromatographic Fraction (> 50 K)

Sample Fractiqn# - Composition (ug/mL)
- L ‘ Carbohydrate Protein  DNA

PF 79-95 18 ee(+e) 5.6

. OSL 0031 80-100 31 | ao <+13) 1.6
- OoStL2171 78 | 22 0 -
90 11 50 -

AM 90 14 170 6.8

' The chromatograms of the various bacterial species and data in Table 2
show many similarities. No species showed protein components within the
2 million dalton fractions (fractions 20-30), indicating 'the efficiency of

the protein degradation methods employed. In PF, AM and OSL 0031, HMW
eldtants were primarily carbohydrate with, at most, 10% DNA present. No
correlation between a bacterial species HMW carbohydrate concentration
and its growth rate or its absorbance after 100 hours (a measure of
number of bacteria and concentration of polymeric metabolites) was noted.
Later fractions (fractions 80-95) eluting from the size-exclusion column
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had molecular weights smaller than 2 million but larger than 50,000. In
most species these fractions were mostly protsin with lesser amounts of
carbohydrate and DNA.

Duriﬁg the summer of 1991, with the aid of SCWMRD personnel, we
placed several formica plates in Charleston harbor and allowed a

significant biofilm to develop on each. After retrieval and transportation

. back to the lab at SCSC, ths biofilms were scraped off and extractad with

distiled water. The water was filtered through a 4 micron filter,
concentrated via rotary evaporator, and chromatographed' on Sepharose 4B.

The resulting chromatogram below (Fig. 8) grossly resembled that of F.
fluorescens supernatants, indicating the presence of HMW carbohydrate and
small molecules of both carbohydrate and protein. The lab-produced

bacterial extrudants were similar to those present in natural biofilms.

Biofilm from Plates In Charleston Harbor
0.300 Chromatographed on Sepharose 4 B

§ 0200+ void volume

fé 0.100 ~ l’ B AD4%0
2

® AQDTS0

-0.100 v ——— Y Y T )
0 100 200 300 400
Volume of NH4QAc Butffer (mL)

Figure 9.

b e




i B R i A R M AR Rttt T et L e Lot s A s g il Sk st

LITERATURE CITED

i B!umenkrantz N., andG Asboe-Hansen. 1973. New method for

quantatanve determmanon of uromc acids. Ana! onchem 54:
484489, | "

£ - Burton, K. 1955. A study of the conditions and mechanism of the

g dtphenylamme reaction for the colorimstric estimation of
deoxyribonucleic acid. Biochem. J. 62: 315-323.

~ DuBois, M., K. A.Gilles, J. KHamiton, P.A. Rebers, and, F. Smith. 1956.

 Colorimetric method for determination of sugars and related
- substances. Anal. Chem. 28: 350-356.

; Géesey, G.G., and P.J.Bremer 1991, Applications of Fourier transform

infrared spectrometry to studies of copper corrosion under
bacterial biofilms. MTS Journal. 24: 36-43. |

,'Horan N. J. and C. R. Eccles 1986, Purification and characterization of

' extracel!u!ar po!ysacchande from actwated s.udges Wat Res. 20:
1421432 | |

" Lowry, O.H., N.J.Rosebrough, A. L. Farr, and R. J.Randall 1951. Protein

measurement with the Folin reagent. J. Biol. Chem. 193: 265-275.

" Nelson, T. C., J. Y. C.Huang, and D. Ramaswami. 1988. Decomposition of

exopalysaccharide slime by a bacteriophage enzyme. Wat. Res. 22:
1185-1188. '

" Platt, B. M., G. G. Geesey, , J. D.Davis, and D. C. White1985. Isolation and

p‘akﬁal chemical analysis of firmly bound exopolysaccharide from
adherent cells of a freshwater sediment bacterium. Can. J.
Microbiol. 31: 675-680

Pringle, J. H. and M. Fletcher. 1983. Influence of substratum wettability

on attachment of freshwater bacteria to solid surfaces. Applied &
Environmenial Microbiology. 45: 811-817.




R T TN PO A ST = g vy G oS % s o7 ey » oy ,; oy

Read, R. R. and J. W.Costerton 1987. Purification and characterization of
" achesive exopolysaccharides from Pssucdomonas putida and

Pseudomonas fluorescens. Can. J. Microbiol. 33: 1080-1090.

Spiro, R. E. Isolation of glycopeptides from glycoprotsins by proteolytic
digestion. In Methods in carbohydrate chemistry. Vol. 7.
R. L. Whistler and J. N. BeMiller, Eds. Academic Press, New York.
1976. pp185-190.

Williams, B. L. and K. Wilson A Biologist's Guide to Principles and
Techniques of Practical Biochemistry. American Elsevier Pub. Co.
Inc. New York, 1975. p 142.

o g e PRTA S Y A OR STYE BT Y PO TS SN A R e S e . . e e e e e e e
e mee - aias e



o . Characterizaﬁon and Identlﬁcaﬂon of Marlne Baceer!a | |
- ”Asscclated with Barnac!es in Char!eston Harbor, South Carolina |

| lNTRQDUCTtON |

-Bacteria are microscopic, procaryotic, unicellular organisms that are

" ‘found in a!! natural habitats on earth. Marine bactena are an extremely
% ",:mportant gmup of organisms that perform vnta! prucesses essential to |
i life in the sea. Bscause marine bactena snmate surface attachment
‘~(Szeburth 1979) and some bacterial specres show a marked preference for
| “attachment to submerged substrata (Tosteson ot at 1984), identification
. ,-.';'oi thase bacteria is important. o | |

One o! the long-term cbjectives of the SCSC SCWMHD ONR research
pro;ect was to mvest:gate biosensing parameters regulating bacterial and

| ] f.glawa! attachment on submerged substrata. Essentxal to understandmg and
'i:cantronmg the molecular ‘processes whxch govern the interactions among
'.substrata, bacteria, and mvertebrata !arvae in marine environments

" (b:osensmg) is the xdent:ty of the orgamsms mteractmg Know!edge of
 the c‘raractanst:cs, nutritional, physical, and chemical needs of the
‘ba:tena may provide information which will aid in the development of

: pfabtica! inhibitors for attachment of organisms to surfaces. This aspect

B of the research involved the characterization and identification of marine

bacteria associated with barnacles in Charleston Harbor, South Carolina.
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MATERIALS AND METHODS

A. Initial Work with Bacterial Samples in the SCSU-ONR Marine
Microbiology Laboratory (MML)

When this investigator joined the research team in mid-Novembsr,

1991, refrigerated bacterial samples maintained in nutrient broth were
~available for study. Initially, oyster shells with attached barnaclss,

obtained in Charleston Harbor, SC, had been placed into buckets of ica and
were brought to the laboratery in August, 1991, Each sample was named
according to the substrate from which it had been obtzined; for example,

~oyster shell, Rock No. 3. In the lab, sterile, cotton-tipped swabs were

used to streak bacteria onto nutrient agar plates, which were incubated at
25 C for 24 to 48 hours. These plates contained mixed cultures of
bacteria. Individual colonies from these plates were transferred to
separate Erlenmeyer flasks containing 50 mi of nutrient broth. The oyster
shells with attached barnacies were stored at -70 C.

The numerous flasks containing bacteria were sorted, and some
bacteria from each flask were streaked onto Zobell's marine agar (ZMA) to
determine colony purity. Some flasks contained puruy cultures, and some
did not. Pure cultures were separated, placed onto ZMA slants and
allowed to grow for 18 to 48 hours at 25 C before they were subjected to
a series of tests.

Several standard microbiological procedures and/or tests were
nerformed in attampts to characterize and identify marine bacteria
associated with barnacles attached to syster shells. These included the
negative stain, the Gram stain, catalasa activity, gelatin hydrolysis, and
the spot oxidase test (Baron and Finego!d 1990, Case and Johnson 1984,
Claus 1989, Kelley and Pcst 1989, Pelczar and Chan 1977, Seeley et al.

b roen e e




1991) ‘f”“v‘ariousfprooedures'for the flagella stain (Claus 1989, Pelczar and
:fchan 1677, Presque Island culture Company 1892) proved unsatxsfaotory, |

; andwﬂ‘ageua were not stamed After the above tests were performed the
‘ ox:dase pos:twe baotena were sub;ected to the Oxx/Ferm test, and the

Oiagnostxc Systems, Inc. 1977 1988). L
L""'A"The ‘Enterotube ll. when used with a computer codmg and
;;/;’identrf:catxon system (Roche Diagnostic Systems, Inc., 1988),

compartmental:zed tube des:gned 1o permit the simultaneous moculatzon;
: ‘ f 12 .test meora, allows the ,sdentmcatxon of typical and atyprca!v |
_.‘?{‘m;ember's of the Enterobacteriaceas . The ID value is a five digit number

denved from a listing» of the positive and negative reacﬁons in Enterotube
" I for a given isolate. Similarly, the Oxi/Ferm tube test (Roche Diagnostic
57’-fSystemsl Hoffmann-LaRoche Inc.,, 1977, 1988) is designed for the
| ki.,’ilideﬁﬁﬁcation of oxidative-fermentative (O-F) Gram-negative rods. Nine
f.:bcochemxca! tests are used. A computer oodmg and |dentnfxcatxon system

react:ons A oodmg manual is used to identify the orgamsm Where two
'}ar more organisms are listed under one identification value, additional
; i:'oonf‘rmatory tests are needed to further separate the organisms. The ID
' ya!ge for the Oxi/Ferm system utilizes a four digit number to represent :
the test results. Various confirmatory tests such as susceptibility to |
-~ certain antibiotics, wrinkled growth pattern, motility, growth at 42 C,
s;etc. were‘ Qtiﬁzed to confirm the identity of the bacteria. The APl! Rapid
NF Test (Bio Merieux 1992) is another system which currently is being
evaluated. It consists of 20 tests using the rapid NFT sirip. Results are
~ interpreted by use of the Rapid NFT data base. A seven digit coda is used .

~ to identify the organism. For marine bacteria, the incubation time had to

ioxtdase negatwe bacteria were moculated into Enterotube H (Roche‘“ o

}'iyncorporates 15 standard buochemxcal tests contained in a

‘fpermnts the identification of specific orgamsms basod upon the positive
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be extended. These tests were designed for incubation at 37 C and often
were/are used to identify pathogens in humans.
- The cultures which were already in the SCSU-CNR MML were used to

- work out the general procedures used to identify marine bacteria.

Additional samples from Charleston Harbor were obiained and analyzed.
B. Bacterial Plating from Natural Substrata...Winter, 1992

During low tide, midFebruary, 19:92. oyster shells containing living
barnacles, Balanus improvisus, wers coilected from a large rock behind
Grice Marine Biological Laboratory in Charleston Harbor. These substrata
were taken into the laboratory for plating onto six different types of agar.
Swabhings from two oyster shells and barnacle tests were used. These
plates were designated OSM=oyster shells from the mid-intertidal region.
Cther swabbings were taken from two oyster shells and empty barnacle
tests from the low interlidal region on the southwest side of the point.
These ovsters were growing in a free-standing clump and had a coupie of
empty B. improvisus tests attached to them. These were Iabeled
OSLxoyster shells from the low intertidal region . Also swabs were taken
from an artificial substratum (formica plate) which had been suspended in
the low intertidal region above the mudflat. This plate had been outside
since mid December. Plated material from the grooved {rough) side of the
plate was used. These plates were designated ASL=artificial substratum,
low intertidal region.

Bacteria from the OSM, OSL, and ASL substrata were plated onto
duplicate plates of eosin methylone biue agar (EMB), pseudosel agar (PA),
photobacterium medium (PBM), Zobeli's marine agar (ZMA}, mansito!l sait
agar (MSA), and thiosulfate citrate bile sucrose medium (TCBS). The
plates were put intn a covered cardboard box and were stored overnight.at

b
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- 2 'C The plates were transported from Charleston to'the‘ Orangeburg

SCSU-ONR MML where they were incubated for 24 hours at 25 C. Thase

; ptates wore stored in the refngerator until they could be further observed
and processed. | |

- Bacteria were transferred from each medium into separate 0.5 mL

- a!rquots of marrne salts diluent (MSD) and were streaked onto Zobell'

‘marine agar, incubated at 25 C for 18 to 24 hr. (or 48 hr for slow growmg | |
co!omes) before specahc tests wers performed o

: C. Bacterial ,Pla‘ting from ‘N‘atura! Subétrata...Summer, 1992

, ., A mid June sampling of the bacteria associated with barnacles and
- oyster shells was taken. Samples were taken from both OSM and OSL

. ~ areas. ‘In addition to the six types of media mentioned in part B, nutrient

";rrzgar plates were used. In the field, samples were streaked in triplicate,
" brought back to the SCSU-ONR MML and incubated at 25 C for 18 hours. For
each colony type present, a dllutnon using 0.5 ml of marine salts diluent

" was made. ~ This cell suspension was then streaked onto ZMA plates and

© were incubated at 25 C for I8 to 48 hours. Each plate was iabeled
‘according to the original natural substratum and medium. Results were
observed and recorded. The isolated co!onies’were subjected to the
battery of standard tests (part A). Specific tests performed for some of
the bacteria in this group were the motility, penicillin, sucrose, anaerobic
growth tests and growth on MacConkey medium.
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RESULTS

A. Initial Work with Bacterial Samples in the SCSU-ONR Marine

- Microbiology Laboratory

Analysis of five separate nutrient broth cultures of bacteria associated

with the barnacls, Balanus eburneus , attached to Rock No. 3 revealed both

'Gram positive and Gram negative bacilli. Visually three types of colonies

developed: - creamy, orange, and ysllow. The yellow colony from sample
four was identified as group 5 A-2 Pseudomonas like/Pseudomonas
cepacia/Pseudormonas fluorescens/Achromobacter species Biotype 2. The
Oxi/Ferm 1D value was 0071. Enterotube i test. results for the orange and
yellow colonies associated with Rock No. 3, sample three--iD value
20000-indicated Shigella serogroups A, B, or C, /Enterobacter
agglomerans . The creamy colony having an ID value of 20103 was not
identified.

Pure cultures have been isolated, but many of them have not been
identified and/or additional confirmatory tests need to be performed. As
indicaled previously, these samples weie mainly used to teach students
technique and to work out procedures which would help in the identity of
marine bacteria.

B. Bacterial Plating from Natural Substrata, Winter, 1992
OSM:

Colonies transferred from the original plating medium to ZMA gave the
following results when inoculatnd into Oxi/Ferm. The color of the

colonies on the original medium is indicated.

iata Yo,
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- EMB Light Purple
3 EMB Bive

OSM.

C‘.olony Coior e

 IDVawe

2031.

1151

1121

© TCBS Dark Green -

4001

51

- Identity

- Pseudomonas fluorescens
.. Pssudomonas stutzeri
.. Achromobacter species

Flavobacterium sp.

" Pastuerella haemolytica/

0001

MSA Yellow.

EMB dark Blue

EMB Light Purple...

TCBS Orange

P. ureae

.. Pseudomonas species/

. Alcaligenes faecalis/

Pastéurella ureas/

~ Moraxella species/

TCBS Dark Green

Group 2K-I Pseudomonas L:ke

Group 5A-2 Pseudomonas-like

Pseudomonas fluorescens/

P. pseudomallei/
Achromobacterspecies

Biotype 2

.. Group 2F Flavobacterium-likes

Pasteurella multocida
Vibrio alginolyticus/
Flavobacterium species/
Aeromonas hydrophila
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52
OstL:
Colony Color ID Vaiue ldentity
EMB Purple-Creamy.....cceeeerceerenees 0031......ccec... Alcaligenes faccalis/

Pseudomonas species/

Group 4E Alcaligenas-like/

Group M-4f MORAXELLA-LIKE
EMB Dark Blug.....ccveeveenrenene 2171 e Pseudomonas aeruginosa/

P. putida/ P. fluorescens

EMB Purple=White.......ccccerermeerenrn. 2031 Psesudomonas aeruginosa/
P. fluorescens/
Achromobacter species
Biotype 2

EMB Swarmy 217N eeeen Pseudomonas aeruginosa/
P. putida/ P. fluorescens

ASL:

EMB Pink ceerssesrasaneassassassans 0471...connnuene No ID.

Colonies from the arificial substrate were not processed beyond the

initial standard tests, i.e., were not subjected to the Oxi/Ferm or

Enterotube !l tests.

C. Bacterial Plating from Natural Substrata..Summer, 1992

The following bacteria from oyster shells in the mid-intertidal zone
were identified and confirmed by additional tests (Kreig and Holt 1984,
Roche Diagnostic Systems, Inc., 1877, 1988).




catbny Colr  ~ IDValue  Identity

i ZMA Whlte. Swarmy....;.; ............... 4211....own.... Vibrio _parahaemolyticus

i : Nutrient Agar, Peach..,.‘ ....... - 2010........ ... Enterobacter agglomeran
e ZMAWhite TN~ ) I Vibrio alginolyticus

' PBM, White, Swarmy ...... VO +-7 | F— Vibrio parahaemolyticus

A - ZMA, Yellow ; — 0001.....coreernne Moraxella spacies

DISCUSSION
~ Basic microbiologicéi tests were utilized in attempis to charactérizey
and identify »marine bacteria associated with rocks, oyster shells and
barnacles found m the low and mid-intertidal zones in Charleston Harbor

South Carohna | Spec:rc biochemical tests as found in the Enterotube Il

" and Oxi/Ferm tests and in Bergey's Manual (Krieg and Holt 1984) wera

‘helpful in further characterizing and/or |dentxfymg these bacteria. The
APl Hapnd NF test is being evaluated for its use in the :dentaf:catson
~ Both the Oxx/Ferm‘and Enterotube Il tests were designed for organisms
Which were to be incubated at 37 C. For marine bacieria, the temperature
was decreased to 25 C, and the incubation time had to be increased from
- two days to five to seven days. ' |

~ In some samples, both Gram positive and Gram negative bacteria were
found, but for tests other than tha basic, general ones, the Gram negative,
oxidase positive or negative bacteria were processed because the above
mentioned tests were designed to identify Gram negative bacterié.
Moreover, reports in the literature indicate that the majority of marine
bacteria are Gram negative (Zobell 1944, Rheinheimer 1981). Most of the
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media used in this investigation selected for Gram negative bactaria. The

marine bacteria cbserved were very small and exhibited, in some

. instances, a gradation of cclors. This resulted in the same chemical

reactions and/or identity.

Additionai tests need to be performed to separate organisms which are
placed into the same group, i.e., have the same ID value or computer code.
Also investigation of bacteria which give results for which there are not.
computerized ID values or codes in the Enterotube 1l and Oxi/Ferm
codebocks should be performed. The characterization and identification of
bacteria obtained from the summer 1992 OSL region needs to be
completed, and an evaluation of organisms found in each region needs to be
done. Morecver, a recheck and confirmation of the purity and/or integrity
of the cultures identified needs to be performed before these cultures are
put into the SCSU-ONR stock culture collection. Stock cultures are stored
in glycerol at -70 C. Stock cultures will be available for use by other
laboratories at their request. Information derived from this study will be
compiled into a manuscript and submitted to the Jourpal of Applied and

Environmental Microbiolcgy.
CONCLUSION

Standard microbiological procedures and/or tests have been used to |
identify and characterize bacteria associated with oyster shells and
barnacles in both the low and mid-intertidal zones in Charleston Harbor,
South Carolina. The use of Bergey's Manual, Enterotube Il , Oxi/Ferm, and
various confirmatory tests have resulted in the identity of numerous Gram
negative bacilli and coccobacilli. The identities of some bacteria which
did not produce codes compatible with those in the computerized

databases of the Oxi/Ferm and Enterotube |l tests need to be determined.




Further mvestxgat:on especnauy of the bactena found in the ‘low‘ “
-'“jiintert:dal zone, needs to be done. Confirmation of the identity of cultures

from the wmter and summer samplmg needs to be performed before these

]f:f;:_.",:'cultures are added to the stock pure culture col!ectson stored in glycerol
S 'at 70C,i in the SCSU-ONR MML. | S
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LARVAL ATTACHMENT BIOASSAYS
INTRCDUCTICN -

Microbial films on submerged surfaces, especially films of attached
bacteria, tend to stimulats ssttlement behavior of larvae from a variety

of invertebrate phyla (reviews: Msadows and Campbell 1972; Scheltema

1974; Crisp 1984; Bonar et al. 1986; see also, Weiner et al. 1989;
Tamburri et al. 1992). Howsver, inhibition of larval settlement by

~ bacteria has been reported rarely. Tha chemical inducers of settlement

derived from bacteria tend to be soluble in seawater (Neumann 1979; Fitt
et al. 1989, 1990; Tamburri et al. 1992) and small in molecular waignt
(Fitt et al. 1990; Tamburri et al. 1532). |

In contrast to results reported for other invenebrates, most bacterial
species tested so far either have no effect on or inhibit settiement
(defined here as permanent, attachment to a surface) of barnacle cypris
larvae. Maki et al. (1988) tested the effsct of 18 different species of
bacteria attached 1o polystyrene substrata on settlement of cypris larvas
of the barnacle Balanus amphitrite. Of the 18 species, seven were
inhibitory, one was stimulatory, and ien species had no significant effect
on larval attachment. Ths gram-negative bacilli, Deleya marina and
Alteromonas macleodii, cultures which were originally isolated from
seawater, were two of the species that most inhibited attachment. Films
of D. marina that had been aged on polystyrene surfaces were more
inhibitory to attachment of B. amphitrite  than newly-established
biofilms (Maki et al. 1288, 1990). However, D. marina tended to stimulate
attachment of B. amphitrite on glass surfaces. Exopolymers produced by D.
marina in culture both inhibited and stimulated attachment of B.

amphitrite on polystyrene, depending on the degres to which they were
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dnluted in tha as:;ay (Makx et al. 1990) In sxmular bioassays, Hoimstrom et
al (1992) found that § of 40 bactena! isolates from subtxda! surfaces
inhxbnted attachment of B. amph:mts larvae One isolate was studied in
: mora detanl When agcd up. o 5 days, bsof lms of the isolate inhibited
larval atta chment but biofilms aged 6 days had no effect on attachment. |
Thns particular isolate when cu!tured released a smau molecular weight
~ component that was toxic to the !arvae | ‘
It is clear ‘that substratum bacterial- larval interactions are very
comp!ex. A major problem |s that the nature of the mo!ecular components
of bacterial }exopo!ymers is not well underefoed, and their chemical
- pstructures and physical interéctidns with substrata need to bs examined
in considerable detaii. In addition, prior studies of larval barnacle
‘ re‘sponses to bacteria have utilized only one species of barnacle, Balanus
; ~amphitrite, in attachment assays. The behavior of this species during
b A sett!ement and its patterns af'sttachment might not be representative
| o of ba!amd specxes as a whole Our ONR-suppcned research was desngned
o ~to address this problem.
i " An ob;ec'uve of the ongmal proposa! was to test the settiement
'E - response of larvae of the common estuarine Balanus eburneus ‘o films of
L bacteria on substrata, focusing on the gram-negative bacterium
3 ' Pseudomonas fluorescens. However, preliminary work was necessary to
é i | detsrmine whether the responses of this barnacle species were suitable
1or?use in laboratory attachment bioassays and representative of other
barnacle taxa. Therefore, a series of experiments were devised to
‘compare the attachment characteristics of larvae of three barnacle
species (B. eburneus, B. amphitrite, and B. improvisus) to polystyrene and
glass substrata typically used in attachment bioassays.
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- Summary of Larval Bioassay Research

A system for rearing larvae of three barnacle species has been
established at Marine Resources Research Institute (MRRI) using culture
procedures modified from those of Ritz et al. (1992). Batchss of larvae
were produced for use in laboratory bicassays that were similar in
development rate and settlement behavior.  Adult broodstock were
collected every 2-3 months from local habitats, and maintained in the
laboratory. Larvas were generally available year-round, although larval
availability and survival were greatest in autumn through spring.
Bacterial culturing was also performed at MRRI.

Following the general procedures of Rittschof et al. (1992) and Maki
et al. (1988), we devised a bioassay system for monitoring the attachment

' of cypris stage larvae of the barnacles Balanus amphitrite, B. improvisus,
and B. eburneus. Briefly, cyprids of identical ages were introduced in
groupé of approximately 25 to polystyrene Petri dishes or borosilicate
glass vials that were either sterile or contained ﬁlmé of bacteria
attached to their surface. Attachment of cyprids were then monitored
daily for 4-7 days, while assay containers ware maintained at constant
conditions of 26 C (+ 1 C) and 4 h light: 10 h dark.

A comparative study of larval attachment of the three test barnacle
species to polystyrene and glass substrata without bacteria was
completed and presented at the 1992 Crustacean Society Mesting
(Appendix 1). Results of the study indicated that, for all three barnacle
species, atlachment after one day was low, even when larvae were "aged”
(stored at 6 C for 1 to 3 days) prior to use in the assay. The aging of
cyprids was thought to increase their attachment (Branscomb and
Rittschof 1584). After 4 days, 60 -90% of larval B. amphitrite and B.

improvisus attached to both substrata, although B. amphitrite tended to
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:’"tended to prefer polystyrene substrata Balanus ebumeus attached in
jvery Iow numbers to both poiystyrene and glass, and agmg the cyprids

: attachment of B. amphrtnte, and shghtly decreased attachment of B.
, f',‘lmprowsus espec:atly on glass substrata. It was concluded that B.
g."';‘ebumeus was not a gocd model orgamsm for use m this type of
. ,attachment bloassay and that Balanus spp do not conform in setﬁement
f';behavior to one model We plan to assembte thrs mformatron into a
f;‘manuscnpt for submrssron to the Journal of Experrmental Manne Bsolcgy
“and Ecology B B R _

: in addmon, the mﬂuence ‘of three species of vaacteria {Deleya
"'?v]:_marma, Alteromonas macleodii, and Pseudomonas . fluorescens) on
~ attachment of cyrpris stage larvae of' the barnacles Bzlanus amohitrite
"”?;’_:and B rmprcw’sus was examined Bacteria grown in culture to

}fg!fmaterzals (ECM) produced dunng culturmg, were exposed to sterile
| "pc!ystyrene Petri dishes (Falcon 1006, 50 x 9 mm) or muffled borosilicate
~glass vials (27 mm diameter). Five malhhters of washed bacterial cells
‘(approxrmately 1 x 109 cells/ml), ECM solution, or sterile-filtered (0.2
T ﬂ"': ‘pm) seawater (FSW) were added to the dishes or vials and the material
o ‘was allowed to attach for 2 or 4 hours. Substrata were gently rinsed free

of unattached material, then the dishes or vials were réfilled with 4.5 m

of FSW and approximately 25 »larvae that recently molted to the cypris

state. Atachment of cyprids to }each dish was monitored at 24 (+2 ) hours

intervals for at least four days, to monitor changes in attachment

behaviocr of cyprids over time. Assays were terminated by rinsing

unattached cyprids from the substrata with. distilled water, determining
. the number of attached and unattached cyprids, then calculating the

_‘attach to g!ass in greater numbers than 1] po!ystyrene B improvisus |

,‘ tended to decrease sr_bsequent attachment , Agmg had no effect on

m‘ dexponem’a' or statlonary growth phase, or therr extracenular'

]
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proportion that attached during each day of the assay. Assays having
larval mortality greater than 30% were not used in calculations.

The mean proportion of larvae attaching on each day was calculated

for each treatment (control, bacterial cells, bactsrial ECM), and the data

 tested for normality and homogeneity of variances. Differences among the

treatments in the mean proportion of larvae attaching over time were
statistically analyzed using multivariate and repeated mecasures analysis
of variahce techniques.

Experimental data revealed that the variability in attachment of
larvae within each treatment of an assay is high. Because of this
variability, the number of replicates in each treatment was increased
from three (the rumber used by Maki and Ritischof) 10 six to increase the
power of the statistical analyses. in addition, sach experimant was
repeated at least three times to determine the reliability and consistency
of resulis. ‘

Results of assays using stationary phase cells and ECM indicated that
Defeya marina cells and ECM on polystyrene surfaces retarded attachment
of larval Balanus amphitrite, but mixed results (both stimulation and
retardation) were observed on glass substrata.  Alteromonas macleodii

. cells and ECM stimulated larval attachment to polystyrene and glass.

Pseudomonas fluorescens cells and ECM had mixed effects on larval
attachment. Within an experiment, results tended to be consistent over
time (up to 1 week), but results were not consistent frcm one experiment
to the next. In addition, bacterial cells and ECM did not always produce
similar effects on larval attachment. These results wers presentad at
Benthic Ecology Meeting on April, 1-4 1993 (Appendix H).

The efiects of bacterial cells and ECM from stationary phase cultures

on attachment of larval Balanus improvisus were also examined. Results

g
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of “'attachm’ent bioassays with Deleya»“mariha"‘and Pseudomo'nas'

ﬂboréscans were similar to those observed for B. ‘akmphitrita. However,
__Alteromonays mac‘lleoydii cells and ECM retarded attachment of larval
,"B.im'prov:'sus to polystyrene. This is in ycontrasvt to the stimulation of
 attachment seen for B. ampbhitrite. " R

Additional bicassays testing the éffet:ts 'of mid-exponential phase

' bacterial cells and ECM on attach’me,nt of Balanus amphitrite were

performed. Deleya marina and Pseudomonas fluorescens produced effects

“on lawval attachment similar to the results for stationary phase cells and:

ECM. }How‘ever, Alteromonas maclsodii " cells and ECM from
mid-exponential cultures retarded larval attachment to polystyrene, a
result different from that observed when stationary phase cells and ECM

~ were used in the bioassays.
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INTRODUCTION

Recently, Balanus amphitrite has
become the "white rat" of barnacle
settlement research, by providing a
model system for studies of larval
attachment. However, its settlement
response may not be representative

~ of that of other balancmorph species.

We initiated the project described
here to determine whether larval B.
eburneus and B. improvisus respond
to surfaces during settlement in stil
water conditions in a manner similar

to B. amphitrite. If they o, then

these species too couid be used in
assays of responses of larvae 10
environmental factors.




+ Larvae were reared to the cypris
i ~ stage in laboratory cultures. Cyprids
~F  were removed from culture the day
. ~ they appeared (=Day 0) and used
- immediately, or stored at © C until
- experimentation. e
+  Settlement assays were performed
. inpolystyrene petri dishes and
- borgsilicate glass vials. ‘Groups of
- approximately 20 - 30 cyprids were
 placed in filtered seawater in each
~dish or vial. Settlement was |
 monitored daily, and settled cyprids
- and metamorphosed juveniles were
- marked in red.




. . \
A RO ST
e T e |

X ~ i

Question; What is the settlement
response of larvae of the three species
over time, and does the response vary

- with larval age or substratum type?

. Approach: Monitor settlement of

cyprids of various ages (Day 0 - Day 6)
onto polystyrene and glass substrata
over time.

Results: Balanus amphitrite and B.
improvisus cyprids settled consistently
in high numbers, whereas B. eburneus
settled in low numbers and settlement
rate differed among batches of larvae.
B. improvisus tended to settle in higher
numbers on polystyrene, whereas B.
amphitrite tended to prefer glass
substrata. Settlement of B. eburneus
cyprids tended to be lower the longer
they were aged at 6 C.
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Question: Does the salinity of the
seawater in the assays affect the
number of larvae settling?

Approach: Day 0 cyprids were placed
into each of 4 dishes or vials containing
10, 20, or 30ppt seawater.

Results: Salinity had less of an effect
on settlement of B. amphitrite (usually
found in high salinity areas) and B.
improvisus (usually found in low salinity
areas <15ppt) than expected. The
effect of salinity on settlement of B.
improvisus was greatest on glass
substrata. Settlement of B. eburneus
was very variable at all salinities.
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Question: In many experiments on
larval barnacle settlement, cyprids are
"aged" by.storing at low temperatures
piior to experimentation. Does cooling
the cyprids during storage affect
subsequent settlement?

Approach: Day 0 cyprids were divided
into two groups and stored at 6 C or 27
C until placed in experimental
containers.

Results: Cooling cyprids prior to
experimentation had: 1) no effect on
settlement of B. amphitrite; 2) an
inconsistently negative effect on
settlement of B. eburneus; and 3) a
slight negative effect on settlement of
B. improvisus, especially on glass
subsirata.
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CONCLUSIONS

'@ Both Ba/anus amphitr/te and B
' - improvisus cyprids settle in
TR conststently high numbers on
~ polystyrene and glass substrata.
. B. amphitrite tends to prefer glass
- whereas B. improvisus prefers
| polystyrene

B. eburneus has a variable settle-

- ment response and will not act as
- agood model for settlement
- assays until assay methods are
- modified to ensure predictably
- high settlement.

> These observatlons of settlement

of B. amphitrite and B. improvisus

- provide baseline data for experi-

ments in progress on the effects
of microbial films on attachment
of cyprids to surfaces.
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INTRODUCTION b

“Slime films” quickly form on substrata submerged  fziily
in seawater, indicating colonization by microbes. Ear- fzig:
ly colonizers include bacteria, especially gram nega- Wi
. tive bacilli. Larvae of sessile macroinvertebrates, -";‘”’f*%
* » [ such as barnacles, searching for substrata on which  pak
. to settle and metamorphose encounter surfaces cov- i
7. & ered by bacteria and other microbes. We asked it

. ’F whether bacteria on submerged substrata affect at- ii‘f
R tachment of barnacle larvae. )t o
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Cyprid with antennules
attached to substratum
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Gram negative bacteria (Deleya marina,
Alteromonas macleodii, and Pseudomonas
fluorescens) grown in culture to stationary growth
phase, or extracellular materials (ECM) present in
culture supernatant, were allowed to attach to sterile
polystyrene Petri dishes or borosilicate glass vials.
Control dishes were incubated with sterile-filtered
seawater (FSW). Dishes and vials were rinsed and
refilled with FSW and ~25 Balanus amphitrite cyprids.
Attachment of cyprids to each dish was monitored at
24 (+2) hour intervals for at least 4 days. Assays
were repeated three times with different batches of
larvae. Data were analyzed using multivariate and
repeated measures ANOVA procedures, and differ-
ences among treatments at each day of an assay
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7 RESULTS AND DISCUSSION
’ Deleya marina cells and ECM on po!ystyrene sur- B
1 faces tended to retard larval attachment in the assay, g+
i 1 but mixed results (both stimulation and retardation of &%
=1 attachment) were observed on glass substrata.
¢1  Alteromonas macleodii and ECM on polystyrene T
E'1 stimulated attachment in only 1 out of 3 assays. On  fe-d
-_“ glass, cells stimulated attachment in 2 out of 3 as- b
1 says, while ECM had no effect. oy
Pseudomonas fluorescens cells and ECM had e
k! mixed effects on larval attachment. Cells occasional-
Bl 1y stimulated attachment on polystyrene and glass, %'
'y whereas ECM had little effect, retarding attachmentin §-¢-:
1 only 1 out of 6 assays. g =%
: The high variability and inconsistency of assay re- § Tt
1 sults makes interpretation difficult. Variability could g
- 1 be due to several factors, including differences in the
'] chemical signals associated with bacterial of ECM o
1 films from one assay to the next. In addition, hetero-  E%4
1 geneous patterns of attachment of cells and ECMto  { o B
substrata could explain some of the variability. We ﬁ
plan to examine attachment patterns of cells and
ECM this summer.
Assays in progress using Bafanus improvisus and g% 3 |
: 1 bacterial cells and ECM indicate no strong differences § =:§ |
. | between its attachment behavior and that of 8. 2
Lt amphitrite. ,
Supported by the Ofﬂce of Naval Research |
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- PRESENTATIONS AND PUELICATIONS (Last 12 Months):

| 1) Boster Presentations-Abstracts:

* A Comparative Study of the Attachment of Marine Bacteria to
Polystyrene Surfaces®. Dhayalini Chandrasegaram and J. B. Stukes.
Forum on Undergraduate Research {1992). Atanta, GA.

*A Study of the Marine Bacteria Associated with Barnacles In Charleston
Harbor". Michelle Haynes, George McCowan, and B.R. Stokes. Forum on
Undergraduate Research (1892). Atlanta, GA.

* Purification of Extracellular Polysaccharide from Bactaria Isolated
From Charleston Harbor SC". Leyana Lloyd and Frank Weaver. Forum on
Undergraduate Research (1992). Atlanta, GA.

*Comparative Larval Ssttiement Behavior in Three Species of Barnacle
(Balanus amphitrite, B. ebumeus and B. improvisus)®. Crustacean

Society Summer Meeting (1992). Charleston, SC. N. O'Connor and D.
Richardson.

*Effects of Surface-Assoclated Bacteria on Attachment of Barnacle
Larvae®. Benthic Ecology Mesting (1993). Mobile, AL. N. O'Connor and D.
Richardson.

2) Slide  Presentations-Abstracis
*Adsorption of Marine Bactaria to Polystyrene Surfaces®,.Dhayalini

Chandrasegaram and J.B. Stukes. SC Academy of Science Meeting (1993).
U.5.C., ('siumbia, SC

. e




'A Study of the Manne Bactena Associated w:th Barnacles in Chaﬂeston
Hatbor' Michelle Haynes and B.R. Stokes S C Academy of Science
Meetmg (1993) us.c., Co!umb.a SC

5,;1&flsotatibhlcharacterization’ of Extrécellular Extrudants from Bacteria
E Taken Charleston Harbor SC". Leyana Lloyd and Frank Weaver. S.C.
. Academy of Science Meeting (1993). U.S.C., Columbia, SC

o [-k'Ma’tine' Bacteria: lso!atnon/Charac terization and Adhesion to
B '*:j",if_‘»’Pa!ystyrena Surfaces®. J“tukes Benedsct Co!lege Columbia, SC Nov. 23
1992.

4) An article entitled Mmontses Encouraged to Enter Marine Science”
e _:_:descﬁbmg the ONR program was pubhshed in the sprmg 1993 edition of
the newspaper of the SC Wildiife and Marme Resourcas Department

e ’; 5rg‘_;y S5) Three issues of the program newsletter, "Synergy®, were produced
. - and circulated to HBCUs, interested agencies, and member
institutions of the Southern Association of Marine Laboratories.
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| Ana!ysus of Variance of individual bactena! species for time intervals
. 0.25,05, 1,2, 24,72, 96, and 120 hr. (Level of SIgnxfcance is 0.05 at tha
B 95% oonﬁdance interval. ) ,

A macleod" | | 24

o 48

s

D. marina 24

48

- P.fluorescens 24
48

STATIST!CAL ANALYSES FOR BACTERIAL ATTACHMENT STUDIES

0.047

0995
0258

- 0.124

0.120

0.000

0.25

.05

24

72

96

120

* 0.003

0.003

0.003

0.032

0.719

0.579

Y

0.826

0.783

, Analysis of Variance among A. macleodii, D. marina, P. fluorescens (24 hr.
, cultured cells) for attachment at the same time interval. (Level of
-~ significance is 0.05 at the 95% confidence interval.)
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- Analysis of Variance among A. maclecdii, D. mariné. P. fluorescens (48 hr.
f; cultured cells) for attachment at the same time intarval. (Level of
significance is 0.05 at the 95% confidence interval.)

0.25 0.001

i L o S e

0.5 0.002
1 0.001

S 2 ‘ 0.008

B 2 0.000
g 72 0.079
96 0.157

120 0.172
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